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We study the transport of a spin-orbit-coupled atomic matter wave using a moving Dirac δ-
potential well. In a spin-orbit-coupled system, bound states can be formed in both ground and
excited energy levels with a Dirac δ-potential. Because Galilean invariance is broken in a spin-
orbit-coupled system, moving of the potential will induce a velocity-dependent effective detuning.
This induced detuning breaks the spin symmetry and makes the ground-state transporting channel
be spin-↑ (↓) favored while makes the excited state transporting channel be spin-↓ (↑) favored for
a positive-direction (negative-direction) transporting. When the δ-potential well moves at a small
velocity, both the ground-state and excited-state channels contribute to the transportation, and
thus both the spin components can be efficiently transported. However, when the moving velocity
of the δ-potential well exceeds a critical value, the induced detuning is large enough to eliminate
the excited bound state, and makes the ground bound state the only transporting channel, in which
only the spin-↑ (↓) component can be efficiently transported in a positive (negative) direction. This
work demonstrates a prototype of unidirectional spin transport.
I. INTRODUCTION
Transport of matterwave is essential in many ultracold
atom physics experiments and applications. With such a
technique, an ultracold atom experiment can be split into
matterwave producing and matterwave using modules.
Each module can be optimized separately. Thus the ex-
periment can be performed more efficiently [1–3]. In this
thought, for example, atomic gases have been loaded into
optical cavities [4–9] and hollow fibers [10–14], leading to
a good many interesting research works (for reviews see
references [15–17]). It is also found that the transport
of atomic matterwave can be very useful in the realiza-
tion of atom interferometry [18–20], atomtronics device
[21–24] and continuous atom laser [25–27].
Many schemes to transport cold atomic matterwave
have been demonstrated. In moving molasses technique
[28, 29], the cloud of cold atoms freely flies to the des-
tination by itself. Controlled transport can be realized
by applying an atomic waveguide [30–40]. However, us-
ing these techniques, the cloud of atoms expands, and its
density drops during the transporting process. To over-
come this blemish, matterwave transport using a moving
potential well is introduced, and soon becomes widely
used in cold atom experiments [1–3, 26, 41–46].
The moving dynamic of spin-orbit (SO) coupled mat-
terwave shows new features. For a SO coupled system,
the Galilean invariance does not hold any more [47–
49]. Different moving directions or speeds can have very
∗ 104531@gzhu.edu.cn; qinjieli@126.com
† lzhou@phy.ecnu.edu.cn
different effects on the dynamics of SO coupled atomic
gases. As a result, many interesting phenomena arise. A
few examples are listed below. The critical velocity of su-
perfluidity becomes reference frame dependent [50]. An
oscillation of magnetization in SO coupled Bose-Einstein
condensate (BEC) is induced by the moving [51, 52]. The
shape of a SO coupled BEC bright soliton changes with
its velocity [53]. In a translating optical lattice, SO cou-
pled BEC behaves anisotropically depending on the di-
rection of translation [54]. The normal density of super-
fluidity does not vanish even at zero temperature [55].
And, non-magnetic one-way spin switch [56] and spin-
current generation [57] have also been demonstrated re-
cently.
In this paper, we study the transport of SO coupled
cold atomic matterwave using a moving Dirac delta-
potential well, see diagram figure 1. We show that the
delta-potential well can at most support both a ground
and an excited bound state in SO coupled cold atom
system. These bound states can be used to efficiently
transport the cold atomic matterwave, thus serve as the
transporting channels in the problem. Moving of the po-
tential well will induce a velocity proportional effective
detuning, which can substantially affect the transporting
channels. This induced detuning breaks the spin sym-
metry, and makes the two transporting channels being
spin-polarized. For a slowly positive direction moving
delta-potential well, the ground state channel is spin-↑
favored, while the excited state channel is spin-↓ favored.
Both the spin-↑ and spin-↓ components can be trans-
ported through its favorable channel. And for a slowly
negative direction moving delta-potential well, things are
very similar, except that the roles of spin-↑ and spin-
↓ exchange with each other. When the velocity of the
2moving delta-potential well exceeds a critical value, the
induced effective detuning will be large enough to lift
the excited state out of the binding ability of the delta-
potential well, thus eliminate the excited bound state
transporting channel. Therefore, in such a case, matter-
wave can only be transported through the ground state
channel. Since for a positive (negative) direction moving
delta-potential well, the ground state channel is spin-↑
(spin-↓) dominant, only this appropriate spin component
of matterwave can be efficiently transported. These uni-
directional transporting features indicate that the system
considered here may potentially be used to realize spin-
tronic devices such as spin diode [58, 59], valve [60] and
filter [61, 62].
The rest part of this paper is organized as follows: In
section II, the physical model of this paper is presented.
In section III, we solve the bound states (i.e., the trans-
porting channels) of the moving delta-potential well, and
discuss their properties. In section IV, the transporting
dynamics and efficiency are shown. And at last, the pa-
per is summarized in section V.
II. MODEL
We consider the transporting of quasi-one-dimensional
SO coupled cold atoms using a moving delta-potential
well, see figure 1. The SO coupling is realized by the two
x-direction counter-propagating Raman lasers L1 and L2
[63]. And the delta-potential well can be generated using
a y-direction shining tightly focused laser beam [64, 65].
Such a system can be described by Hamiltonian
H = H0 + U (x, t) , (1)
where U (x, t) is the external potential, and H0 is the SO
coupled free particle Hamiltonian
H0 =
[
(px−pc)
2
2m −
~∆0
2
~Ω
2
~Ω
2
(px+pc)
2
2m +
~∆0
2
]
. (2)
Here px = ~kx = −i~
∂
∂x is the one-dimensional momen-
tum operator, pc = ~kc is the strength of SO coupling de-
termined by momentum transfer during the Raman scat-
tering process, ∆0 is the detuning of the Raman driving
from the atomic energy level splitting (in this paper we
assume that its value is set to zero∆0 = 0), Ω is the effec-
tive Rabi frequency for Raman flipping between the two
spin states. The inter-atom collision interaction is not
included here, as it is assumed to have been eliminated
by the Feshbach resonance technique [66, 67]. In the fol-
lowing contents, for convenience natural unit ~ = m = 1
will be used.
Before time t = 0, the system is prepared in the ground
state of a delta-potential well localized at x = 0. Then,
for time t > 0, we move the delta-potential well at a con-
stant velocity v, and study the subsequent transporta-
tion. Hence, the external potential U (x, t) can be written
(b) small velocity
(c) large velocity
moving
(a) schematic sketch
Figure 1. Diagram of transporting SO coupled cold atomic
matterwave using a moving delta-potential well. At time
t = 0, an atomic SO coupled BEC is prepared in the ground
state of a delta-potential well. The atoms are equally dis-
tributed in the spin-↑ and spin-↓ components. Afterward, one
moves the delta-potential well at velocity v to transport the
matterwave. Top panel (a): Schematic sketch of the system.
The SO coupling is realized by the two counter-propagating
Raman lasers L1 and L2. The third tightly focused mov-
able laser beam L3 generates the delta-potential well. Middle
panel (b): For a small velocity moving delta-potential well,
it can support two transporting channels — ground and ex-
cited bound states of the moving delta-potential well in the
comoving frame. One of the transporting channels is spin-
↑ favored, while the other one is spin-↓ favored. Both the
spin-↑ and spin-↓ components can be efficiently transported
in such a case. Bottom panel (c): For a large velocity moving
delta-potential well, the moving induced effective detuning
lifts the excited state out of the binding ability of the poten-
tial well, thus matterwave transportation can only take place
in the ground state channel. For a positive (negative) direc-
tion moving delta-potential well, the ground state channel is
spin-↑ (spin-↓) dominant, thus only the spin-↑ (spin-↓) com-
ponent can be efficiently transported.
in a piece-wise function as follows
U (x, t) =
{
V0 (x) = −V0δ (x) , t ≤ 0,
V (x, t) = −V0δ (x− vt) , t > 0.
(3)
The initial state can be constructed using the free particle
oscillating evanescent wave modes (for detail see section
III)
ψ0 =
{
A0,1ξ−;1e
ikx;1x +A0,2ξ−;2e
ikx;2x, x ≤ 0,
A0,3ξ−;3e
ikx;3x +A0,4ξ−;4e
ikx;4x, x > 0.
(4)
The transporting dynamic for time t > 0 is governed by
time-dependent Schrödinger equation
i
∂ψ (x, t)
∂t
= H (x, t)ψ (x, t) . (5)
3Noticed that here the Hamiltonian is time-dependent, it
will be convenient to deal with the problem in a frame
comoving with the potential. So we take the following
transformation
x→ x− vt, t→ t, (6)
and
ψ → ψe−ivxeiv
2t/2. (7)
Under this transformation, equation (5) becomes
i
∂ψ (x, t)
∂t
= Htψ (x, t) , (8)
with the transformed Hamiltonian being [51]
Ht =
1
2
[
(kx − kc)
2
−∆ Ω
Ω (kx + kc)
2
+∆
]
+ V0 (x) , (9)
where
∆ = 2kcv, (10)
is an effective detuning induced by the moving of external
potential.
This new time-independent Hamiltonian is similar to
the Hamiltonian at time t = 0, except for the moving
induced additional detuning term. Therefore, the mov-
ing delta-potential also supports bound states, and these
bound states can also be constructed similarly using the
oscillating evanescent waves (for detail also see section
III)
ψtb =
{
At,1ξ−;t1e
ikx;t1x +At,2ξ−;t2e
ikx;t2x, x ≤ 0,
At,3ξ−;t3e
ikx;t3x +At,4ξ−;t4e
ikx;t4x, x > 0.
(11)
These states are bounded by, and at the same time, co-
move with the external potential, thus can serve as the
transporting channels of the system. In the next sec-
tion, we will show that the moving delta-potential well
can at most support two bound states. We label them as
ψtb;g and ψtb;e, with subscript “g” and “e” meaning the
ground and excited states. And, the excited state dis-
appears for large potential moving velocity. Hamiltonian
(9) also supports an infinite number of scattering states.
However, after a long-time evolution, these states spread
all over the whole space and have negligible densities.
Therefore, they are not important for the transportation.
Neglecting them, the efficiently transported matterwave
can be described by the following wavefunction [68, 69]
ψt = Cgψtb;ge
−iEgt + Ceψtb;ee
−iEet, (12)
where Eg and Ee are the ground state and excited state
eigenenergies, and Cg and Ce are the ground state and
excited state probability amplitudes determined by the
initial wavefunction according to formulae
Cg,e =
∫ ∞
−∞
ψ†tb;g,eψ0e
ivxdx. (13)
Here, when the excited state does not exist, one simply
sets Ce = 0 to eliminate its role.
At last, we define some quantities to characterize the
transporting efficiency of the moving delta-potential well.
The time averaged spin-↑ and spin-↓ atom numbers of
transported matterwave are given by
Nt;↑,↓ =
∑
i=g,e
∫
|Ciψtb;i↑,↓|
2
dx, (14)
And the time averaged total atom number of transported
matterwave is
Nt = Nt;↑ +Nt;↓ = |Cg|
2
+ |Ce|
2
. (15)
We emphasize that the total atom number of initial state
ψ0 will be normalized to 1 in this paper, therefore Nt;↑↓
andNt defined here indeed can be interpreted as the frac-
tion of transported atoms compared to the initial state.
III. TRANSPORTING CHANNELS: BOUND
STATES OF THE MOVING DELTA-POTENTIAL
WELL
From the previous section, one sees that both the ini-
tial state and transporting channel problems involve find-
ing the bound eigenstates of SO coupled cold atomic mat-
terwave. For a delta-potential well V0 (x) = −V0δ (x), it
is equivalent to a free space problem except for the very
point x = 0. So the bound eigenstates of a delta-potential
well can be constructed using the free particle modes by
matching boundary conditions at x = 0 [70]. In this
section, we first discuss the free particle spectrum and
eigenstates of a SO coupled system, and then construct
the bound states using the free particle modes.
The free particle modes can be found by diagonalizing
Hamiltonian (9) (with V0 (x) neglected). It comes out
that the eigenenergy is given by[
E −
(
k2x + k
2
c
)
2
]2
−
(
kckx +
∆
2
)2
+
(
Ω
2
)2
= 0, (16)
which is a second-order equation of E. This indicates
that the spectrum will split into two branches (we recog-
nize them as “lower” and “upper” branch in this paper)
E± =
k2x + k
2
c
2
±
1
2
√
(2kckx +∆)
2 + Ω2, (17)
and the corresponding eigenstates are
ψ± (kx) = ξ± (kx) e
ikxx = C±
(
ζ±
1
)
eikxx, (18)
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Figure 2. Free particle spectrum of SO coupled cold atomic matterwave. SO coupling and Rabi coupling strengths are
kc = 1,Ω = 0.2. Left panel: positive detuning ∆ = 0.1. Middle panel: zero detuning ∆ = 0. Right panel: negative detuning
∆ = −0.1. The violet lines correspond to the upper (“U”) spectrum branch E+, while the green lines correspond to the lower
(“L”) spectrum branch E−. The solid, dashed and dotted lines represent plane traveling (“P”), oscillating evanescent (“O”) and
ordinary evanescent (“E”) waves, respectively. For plane traveling wave, wavevector kx has a real number value, the x-axis is set
to f (kx) = kx; for oscillating evanescent wave, kx = β±iα, the x-axis is set to f (kx) = sgn [Re (kx)]·|kx| (therefore, the lines for
+α and −α overlap with each other); and for ordinary evanescent wave, kx = ±iα, the x-axis is set to f (kx) = sgn [Im (kx)]·|kx|.
where ζ± = − (2kckx +∆) /Ω±
√
(2kckx +∆)
2
/Ω2 + 1
characterize the spin wavefunction, and C± =
1/
√
1 + |ζ±|
2
is the normalization parameter.
Equation (16) admits three kinds of wavevectors with
real, pure imaginary and complex value, respectively.
The real part of wavevector kx contributes a plane trav-
eling wave factor in the eigenstate (18), while the imagi-
nary value part contributes an exponential decay factor.
Thus, corresponding to these three kinds of wavevectors,
the eigenstates are plane traveling wave, ordinary evanes-
cent wave, and oscillating evanescent wave states, respec-
tively [71, 72]. For different strengths of SO coupling kc
and Rabi coupling Ω, the spectrum of the system can be
a little different. Here we focus on the strong SO cou-
pling case with kc > Ω/2, and numerically we choose
kc = 1 and Ω = 0.2 all over the paper. In figure 2,
the free particle spectra are plotted for different detun-
ings ∆ = 0,±0.1. In the figure, different types of eigen-
states are marked with different styles of lines. From
the figure, one sees that for energy below the minimum
of lower branch spectrum E0 < E−,min, the four eigen-
modes are all oscillating evanescent waves. Further cal-
culations show that the corresponding wavevectors, i.e.,
solutions of equation (16), have the following symmetric
form
kx;1,3 = β ∓ iαI, kx;2,4 = −β ∓ iαII. (19)
Here αI,II and β are real positive numbers. Specially,
when ∆ = 0, the two imaginary part numbers also equal
each other αI = αII = α.
Since waves exp [ikx;1,2] = exp [±iβx+ αI,IIx] decay
to zero when x → −∞, while waves exp [ikx;3,4] =
exp [±iβx− αI,IIx] decay to zero when x → +∞, the
bound states of a delta-potential well can be constructed
using these four oscillating evanescent wave modes. The
wave function can be written as
ψb =
{
A1ξ−;1e
ikx;1x +A2ξ−;2e
ikx;2x, x < 0,
A3ξ−;3e
ikx;3x +A4ξ−;4e
ikx;4x, x > 0,
=
{
A1ξ−;1e
iβx+αIx +A2ξ−;2e
−iβx+αIIx, x < 0,
A3ξ−;3e
iβx−αIx +A4ξ−;4e
−iβx−αIIx, x > 0,
(20)
with symbols ξ−;1,2,3,4 = ξ− (kx;1,2,3,4) for shorthand.
The wavefunction parameters A1,2,3,4 and eigenenergy
Eb (kx;1,2,3,4 are determined by Eb according to equa-
tion (16)) are to be determined by normalization con-
strain
∫∞
−∞
|ψb|
2 dx = 1 together with boundary condi-
tions: continuity of wavefunction
ψb (x)|0+ = ψb (x)|0− , (21)
and jump of the first-order derivative of wave function
caused by the singularity of delta-potential
dψb (x)
dx
∣∣∣∣
0+
−
dψb (x)
dx
∣∣∣∣
0−
= −2V0ψb (x = 0) . (22)
Because of the spin-1/2 nature of the system, a delta-
potential well can support two bound states (which are
recognized as ground and excited states in this paper)
with spin symmetry |ψ↓|
2
= |ψ↑|
2
when the detuning is
absent (∆ = 0). When a small detuning is introduced,
this spin symmetry is broken, |ψ↓|
2
6= |ψ↑|
2
. According
to the Hamiltonian (1), a positive detuning will raise the
energy of spin-↓ (or in other words, negative momentum)
component, and at the same time, lower the energy of
spin-↑ (negative momentum) component. This fact can
also be seen from the spectrum shown in figure 2. As
a result, the ground state becomes spin-↑ favored, while
the excited state becomes spin-↓ favored. When the de-
tuning becomes large, the energy of the excited state will
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Figure 3. Eigenstates of delta-potential well trapped SO
coupled cold atomic matterwave for different effective de-
tunings (∆ = 2kcv = 0, 0.1,±0.8). The solid violet lines
stand for spin-↑ component atomic density |ψb;↑|
2, while the
green dashed lines stand for spin-↓ component atomic density
|ψb;↑|
2. Top panels: spin symmetric ground (“g”) and excited
(“e”) states for zero detuning ∆ = 0. Middle panels: spin
asymmetric ground and excited states for a small detuning
∆ = 0.1. Bottom panels: spin asymmetric ground states for
large positive ∆ = 0.8 and negative detuning ∆ = −0.8. The
excited state is absent for such large detunings, thus only the
ground state is plotted. The eigenenergies corresponding to
these states are −0.5536,−0.4540,−0.5742,−0.4334, -0.9056,
-0.9056, respectively. The SO coupling and Rabi coupling
strengths are kc = 1,Ω = 0.2, and the depth of the delta-
potential well is V0 = 1.
be raised out of the binding ability of the potential well,
hence the excited state disappears. For a negative de-
tuning, the roles of spin-↑ and spin-↓ exchange with each
other. These facts are shown in figure 3, where ground
and excited bound states are plotted for zero and small
detunings ∆ = 0, 0.1. And for large detunings ∆ = ±0.8,
the excited state disappears, only the ground state is
plotted.
We also studied the delta-potential well bounded SO
coupled spectrum. The ground state and excited state
energies are plotted as a function of detuning ∆ in fig-
ure 4. The detuning induced energy splitting of the two
states, and the disappearing of the excited state can be
clearly seen in this figure. And one also noticed that
for a deeper potential well the excited state disappears
at a larger value of detuning ∆. This is further shown
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Figure 4. The spectrum of delta-potential bounded SO cou-
pled cold atomic matterwave. Ground (“g”, violet lines) and
excited (“e”, green lines) state energies Eb;g,e are plotted as
a function of effective detuning ∆ = 2kcv. Solid, dashed
and dotted lines represent different potential well depths
V0 = 0.8, 1.0, 1.2, respectively. SO coupling strength and Rabi
frequency are kc = 1,Ω = 0.2.
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Figure 5. Critical detuning for the disappearing of the excited
state. The absolute value of critical detuning is plotted as a
function of delta-potential well depth V0, the black solid line.
Below this line, the light blue color filled region supports both
a ground and an excited bound state. While above this line,
the pink color filled region supports only one bound state, the
ground state. SO coupling strength and Rabi frequency are
kc = 1,Ω = 0.2.
in figure 5, where the excited state disappearing critical
detuning ∆c is plotted as a function of delta-potential
well depth V0. In this figure, in the region below the
critical-value-line (the black solid line), both the ground
and excited states exist, while above the line the excited
state disappears, and there is only one bound state, the
ground state.
At last, recalling that moving can induce an effec-
tive detuning ∆ = 2kcv, it is concluded that a small
positive (negative) velocity moving delta-potential well
can support both a spin-↑ (spin-↓) favored ground state
and a spin-↓ (spin-↑) favored excited state transporting
channel, while a large positive (negative) velocity mov-
ing delta-potential well can only support a spin-↑ (spin-↓)
dominant ground state transporting channel. This will
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Figure 6. Time evolution of the transported matterwave under different potential moving velocities. Left panel: Interference
pattern between the ground state and excited state channels transported matterwave for a small velocity (v = 0.05) moving
delta-potential well. Middle penal: Spin-↑ component dominant transporting for a large velocity positive direction moving
(v = 0.4) delta-potential well. Right panel: Spin-↓ component dominant transporting for a large velocity negative direction
moving (v = −0.4) delta-potential well. SO coupling strength, Rabi frequency and depth of the delta-potential well are
kc = 1,Ω = 0.2 and V0 = 1.0 for all plots.
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Figure 7. Amount of transported atomic matterwave for dif-
ferent transporting velocities. The violet solid line repre-
sents the total amount of transported matterwave Nt defined
in equation (15). The green dashed and cyan dash-dotted
lines represent the amount of spin-↑ and spin-↓ components,
Nt;↑ and Nt;↓ defined in equation (14). An abrupt dropping
of the amount of transported matterwave happens around
v ≈ ±0.25 which is the critical velocity for the disappearing
of the excited state transporting channel. The parameters
used are kc = 1.0, Ω = 0.2, V0 = 1.0.
lead to very different transporting properties of the delta-
potential wells moving with different velocities.
IV. TRANSPORTATION
When the delta-potential well moves at a small veloc-
ity (moving induced detuning fulfills |∆| = 2kc |v| < |∆c|,
with critical detuning |∆c| having been shown in figure
5), both the ground state and excited state channels par-
ticipate in the transporting, and interference will hap-
pen between them. As a result, an oscillation of the
atomic density can be observed during the transporting
process. The oscillating period is determined by the en-
ergy difference between the ground and excited states,
T = 2pi/ (Ee − Eg). In the left panel of figure 6, such an
oscillation is shown for a delta-potential well with depth
V0 = 1.0 moving at velocity v = 0.05. The ground state
and excited state energies are -0.5742, -0.4334, respec-
tively. Therefore, the oscillating period is T ≈ 44.63 in
the figure.
When the delta-potential well moves at a large veloc-
ity (|∆| = 2kc |v| > |∆c|), the moving induced detun-
ing eliminates the excited state transporting channel, the
ground state channel plays the only transporting role.
Without the excited state channel to interfere with, no
oscillation happens in this case. For a positive direc-
tion moving potential, the ground state channel is spin-↑
dominant, thus only the spin-↑ component matterwave
can be efficiently transported. While for a negative direc-
tion moving potential, the spin-↓ dominant ground state
channel can only efficiently transport the spin-↓ compo-
nent matterwave. This is shown in the middle and right
panels in figure 6.
We also examined the relationship between transport-
ing efficiency and moving velocity of the delta-potential
well. The total transported atom number Nt, and atom
number of each spin component Nt;↑,↓ are plotted as a
function of the potential moving velocity v in figure 7. In
the figure, below the critical velocity (|v| < 0.25), for a
positive direction moving potential, the spin-↑ compo-
nent is a little favored; while for a negative direction
moving potential, it is the spin-↓ component favored.
And the total transported atom number takes a value
of nearly 1 (not less than 95%), which means that al-
most all the atoms can be transported in this case. How-
ever,when the velocity of the potential well exceeds the
critical value (|v| > 0.25), one of the spin components
(spin-↓ for positive, while spin-↑ for negative direction
transporting) suddenly drops to almost 0, and only the
other spin component can still be transported. Except
for this sudden dropping of transporting efficiency, in
the figure one also notices a slowly dropping of the total
7transported atom number as the transporting velocity in-
creases. Mathematically, this is because, for a large value
of v, the factor exp [ivx] in equation (13) contributes a
fast oscillation, which will reduce the transported mat-
terwave amplitude. Physically, this can be explained by
the fact that a faster moving of the potential tends to
excite more atoms out of the trapping well.
At last, we also point out that here the moving of the
delta-potential is switched on abruptly. However, one
can also discuss the case of adiabatically switching on.
In such a case, according to the adiabatical theorem [73],
the atoms will adiabatically follow the ground state of
the moving potential (we assume the atoms are initially
prepared in the ground state). And as we have already
demonstrated the dependence of ground state spin polar-
ization on potential moving velocity in section III, there-
fore the unidirectional spin transport can be achieved as
well.
V. SUMMARY
In summary, we have studied the transport of SO cou-
pled cold atomic matterwave using a moving Dirac delta-
potential well. The transporting can happen in two dif-
ferent channels (the ground and excited bound states of
the moving delta-potential well). Due to that SO cou-
pling breaks Galilean invariance, the transport shows a
prominent unidirectional property. For small moving ve-
locity, both the ground state and excited state channels
contribute to the transportation, and the two spin com-
ponents can both be efficiently transported, where spin-↑
(spin-↓) is a little favored for a positive (negative) direc-
tion transport. And under such a case, the interference
between the ground state and excited state channels will
cause an oscillation of the transported matterwave den-
sity. When the moving velocity exceeds a critical value,
the excited state transporting channel disappears, only
one spin component of the matterwave can be efficiently
transported through the ground state channel. Posi-
tive direction moving delta-potential well only efficiently
transports spin-↑ component, while negative direction
moving potential well only efficiently transports spin-↓
component. The critical moving velocity is also identi-
fied in the paper. Note that some experimentally realiz-
able potentials [64, 65, 74, 75] can be modeled by delta-
function, the phenomena reported here are expected to
be observed experimentally.
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